Extending Public Water Supply in Peri-Urban Area: Technical-Engineering, Economic, and Environmental Consideration  by Maryati, Sri & Humaira, An Nisaa’ Siti
 Procedia Engineering  125 ( 2015 )  243 – 249 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5)
doi: 10.1016/j.proeng.2015.11.035 
ScienceDirect
The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5) 
Extending public water supply in Peri-urban area: Technical-
engineering, economic, and environmental consideration 
Sri Maryatia*, An Nisaa’ Siti Humairaa  
aResearch Cluster for Regional and City Infrastructure System, School of Architecture, Planning, and Policy Development,  
Institute of Technology Bandung, Jalan Ganesha 10, Bandung 40132, Indonesia  
Abstract 
Peri-urban is a gray area between urban and rural areas. The big differences between the urban and rural areas are still not able to 
explain the circumstances and conditions required by people who live in the peri-urban areas, including the needs for 
infrastructure provision, particularly public water supply. The needs for the provision of clean water in peri-urban areas basically 
do not have any different from those communities in urban areas, yet the conditions are not as good as clean water infrastructure 
service in urban areas. PDAMs (Perusahaan Daerah Air Minum) in BMA (Bandung Metropolitan Area) as a local water 
enterprise only serves 8.91% of households living in peri-urban areas, while 48.24% of population in the urban areas has been 
already served by PDAM itself.  An effort to extend public water services in peri-urban area faces a number of problems 
including technical-engineering, economic, and environmental issues. The purpose of this paper is to outline the technical-
engineering, economic, and environmental issues in the expansion of public water services in peri-urban areas. The case study in 
this research is Bandung Metropolitan Area. Data used consist of secondary data. Technical-engineering aspect was analyzed 
through population density approach and economic aspect was analyzed by the means of willingness and ability to pay approach, 
while the environmental aspect was analyzed through the use of water resources at this time. The results showed that in terms of 
technical-engineering aspect and willingness to pay, it is not feasible to develop a public system, but in terms of ability to pay 
and environmental aspect, it is possible to develop public system. It is proposed to develop communal system to serve residents 
in densely populated cluster with proper tariff system. It is also recommended to control the individual water use. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Peri-urban area is a gray area between urban and rural areas. It is an area that has certain characteristics that 
differs from urban and rural area. These particular features also apply in the provision of infrastructure. Basic 
infrastructure provision such as sanitation and water supply in peri-urban areas often receives less attention and 
concern from the government. The focus of the development of peri- urban areas is on housing, regardless of the 
completeness of basic infrastructure itself. 
Provision of public water infrastructure in peri-urban areas is still extremely limited. People in peri-urban areas 
meet the demand for water by using a communal or individual system [1]. Because communal and individual 
systems generally do not apply the proper water tariff system, hence the use of water in peri-urban areas in most 
cases is higher than those served by PDAM service. On the other hand, people who do not have appropriate source 
of water in the matters of water quantity and quality, experience water shortage. 
There are significant potential advantages using centralized or public water system. Some studies confirm that it 
increases scale to the reduction of unit costs. It reflects production economies or suggests that larger systems are 
better than smaller systems at bargaining and can obtain inputs at a lower unit cost [2]. Water supply delivery system 
which is characterized with a large numbers of service providers takes fuller advantage in improving efficiency, yet 
it has the biggest challenge for integrating it [3]. 
Implementation of public water supply provision in peri-urban areas needs some considerations in order to make 
the system sustainable. According to Brikke and Bredero [4], factors influencing the sustainability of certain service 
are technical, community, such as ability and willingness to pay, environmental, such as water availability, and 
institutional factor. The aim of this paper is to explain the possibility of extending public water supply to peri-urban 
area by using sustainability criteria as mentioned before. In this paper, institutional factor is not analyzed further, 
since it is obvious that institution managing public water supply is local water enterprise (PDAM). 
This research took the Bandung Metropolitan Area (BMA) as a case study. The BMA located at West Java 
Province is one of seven metropolitan areas in Indonesia. As seen in Fig. 1. below, this area consists of Bandung 
City, Cimahi City, Bandung Regency, West Bandung Regency, and five districts in Sumedang Regency. Regarding 
public water supply provision, only 8.91% of people living in peri-urban area of BMA are served by public water 
supply system (PDAM), while 48.24% of population in the urban area of BMA has been already served by PDAM 
itself. 
 
Fig. 1. Peri-urban Area of Bandung Metropolitan Area 
 (Source: Maryati dan Humaira, 2014 [5]) 
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2. Material and Methods 
Analysis was done by using descriptive statistical analysis method and descriptive analysis method based on 
three aspects which are: (1) technical-engineering aspect was analyzed through the approach of population density; 
(2) community aspect or economic aspect was analyzed by the means of willingness to pay and ability to pay 
approach; and (3) environmental aspect was analyzed through the use of water resources at this time approach. By 
using those methods, the possibility to extend public water supply to peri-urban area can be analyzed. Moreover, the 
problem of water supply provision, notably in terms of technical-engineering, economic, and environmental aspect 
in the purpose of extending water supply provision can be identified. The data used for analysis is secondary data, 
based on research report and official report from government, such as statistical data. 
3. Results and Discussion 
3.1. Technical-engineering 
Technical-engineering aspect was analyzed to assess feasibility of public water supply expansion in the peri-
urban area of BMA. This aspect directly related to the cost of water supply and water utility system and 
management. In every case of infrastructure provision, density matters the most, it is not just about size. As stated 
by Wenban-Smith [6], higher density tends to reduce unit distribution costs whatever the size of settlement even 
though it is often to find some slight diseconomies of scale in some cases. Some of that attached to large municipal 
systems for supplying water, in particular in megacities where high costs are attached to water transport and network 
maintenance, including work on roads to repair underground infrastructure [7]. 
To meet the needs of economies of scale in public water supply system, Indonesia has regularized the standard of 
urban settlement which is based on the Indonesian National Standard (SNI 03-1733-2004) of Planning of 
Residential Neighborhood in Urban Area Procedure. This standard is not only used for water supply provision but 
also for other public service provisions in general. In this standard, Indonesian Government has set urban settlement 
density into four classifications ranging from sparse to dense with specific criteria as follows: (1) low density is 
<150 people/ha or <15,000 people/km2; (2) medium density is 150-200 people/ha or 15,000-20,000 people/km2; (3) 
high density is 200-400 people/ha or 20,000-40,000 people/km2; and (4) very high density is >400 people/ha or 
>40,000 people/km2 [8].  
The denser the settlement in an area, the more it is able to meet one of the requirements of the economies of scale 
in expanding water supply provision in peri-urban area in the form of technical-engineering aspect. As shown in 
Table. 1. below, it can be known that from technical-engineering aspect, implementation of public water supply 
does not need the requirement of the economies of scale yet driven by sparse settlement both in each district and in 
the peri-urban area of BMA as a whole. The highest density can be found in Dayeuhkolot District, Bandung 
Regency (17,327 people/km2 dense or equal with 173 people/ha). Even the densest one is still categorized into 
medium density based on Indonesian National Standard.    
 Table. 1. Criteria met in technical-engineering aspect for public water service system  
Regency District 
Number of 
Population 
(People) 
Total 
Area 
(km2) 
Settlement 
Area (km2)* 
Population Density 
for Settlement Area 
(people/km2) 
Density 
Fulfilled Criteria in 
Technical-engineering 
Aspect for Public Water 
Service System 
Bandung 
Regency 
Rancaekek 171,929 45.25 27.15 6,333 Low No 
Majalaya 155,317 25.36 15.22 10,207 Low No 
Solokanjeruk 79,307 24.01 14.41 5,505 Low No 
Ciparay 155,594 46.18 27.71 5,615 Low No 
Baleendah 239,623 41.56 24.94 9,610 Low No 
Banjaran 118,247 42.92 25.75 4,592 Low No 
Pameungpeuk 72,520 14.62 8.77 8,267 Low No 
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Regency District 
Number of 
Population 
(People) 
Total 
Area 
(km2) 
Settlement 
Area (km2)* 
Population Density 
for Settlement Area 
(people/km2) 
Density 
Fulfilled Criteria in 
Technical-engineering 
Aspect for Public Water 
Service System 
Katapang 117,113 15.72 9.43 12,417 Low No 
Soreang 108,890 25.51 15.31 7,114 Low No 
Kutawaringin 93,197 47.30 28.38 3,284 Low No 
Dayeuhkolot 114,670 11.03 6.62 17,327 Medium No 
Bojongsoang 112,990 27.81 16.69 6,772 Low No 
Cileunyi 112,990 27.81 16.69 6,772 Low No 
Cimenyan 109,834 53.08 31.85 3,449 Low No 
Total 1,762,221 448.16 268.90 6,554 Low No 
West 
Bandung 
Regency 
Cihampelas 110,965 46.63 27.98 3,966 Low No 
Batujajar 96,909 34.31 20.59 4,708 Low No 
Padalarang 168,466 51.58 30.95 5,444 Low No 
Ngamprah 135,261 36.09 21.65 6,246 Low No 
Parongpong 86,674 43.39 26.03 3,329 Low No 
Lembang 152,161 98.27 58.96 2,581 Low No 
Total 750,436 310 186.16 4,031 Low No 
Sumedang 
Regency 
Jatinangor 79,764 26.20 15.72 5,074 Low No 
Total 2,592,421 785 470.78 5,507 Low No 
* Assumed that settlement area is 60% of total area and the rest of 40% is used for public service utilities 
(Source: Bandung Regency in Figures, 2013 [9]; West Bandung Regency in Figures, 2013 [10]; Sumedang Regency in Figures, 2013 [11]) 
3.2. Economic 
3.2.1 Ability to Pay (ATP) 
Based on the research conducted by Sabrina [12] by interviewing 62 respondents who resided in BMA peri-urban 
area, it was resulted that the average income of household in peri-urban area of BMA was approximately Rp. 4 
million with the minimum was Rp. 0.75 million and the maximum was Rp. 35 million. The Ministry of Home 
Affairs [13] in the Decree Number 23/2006 regarding Guidelines for PDAM Tariff Setting stated that monthly water 
cost should be no more than 4% from total household income. It means that the monthly water cost in peri-urban 
area should be Rp. 160,000 in average. 
Water cost from public water supply can be calculated from PDAM tariff structure and monthly water consumed. 
Based on the Indonesian National Standard number 19-6728.1-2002 issued by National Standardization Agency [14], 
daily suggested water consumption for a city with total inhabitant approximately 1 million dwelling in it is 150 liters 
per person. If it is assumed that there are five people in a family then it will be needed approximately 900 liters 
water consumed for each household per day and 27,000 liters or 27 m3 per month. 
PDAM Tirta Raharja enforces increasing block tariff for its water tariff structure which has five tariff categories 
for domestic use based on the income of each consumer. If it is referred to the category of the highest income, then 
the tariff structures issued by PDAM Tirta Raharja [15] are as follows: (1) the tariff is Rp. 4,300 per m3 for the 
consumption between 0-10 m3; (2) for the consumption between 11-20 m3, the tariff is Rp. 5,400 per m3; (3) if water 
consumed in between 21-30 m3 then the tariff will be Rp. 6,500 per m3; and (4) it will be charged Rp. 7,500 per m3 
for the consumption more than 30 m3. By using this tariff structure system and considering that amount of water 
consumed for one family in a month is as much as 27 m3, hence the monthly water cost for public water supply can 
be assumed approximately Rp. 142,500. That figure is still below of the ability to pay for clean water as specified 
above. 
247 Sri Maryati and An Nisaa’ Siti Humaira /  Procedia Engineering  125 ( 2015 )  243 – 249 
3.2.2 Willingness to Pay (WTP) 
Besides ability to pay, willingness to pay is also considered in this study. In general, willingness to pay is defined 
as consumer willingness in spending the maximum amount of goods and service acquired in accordance with their 
own perspective. Based on Sabrina [12], WTP for monthly cost of PDAM service for most of respondents (87.5%) 
was as much as Rp. 0 whereas 6.25% respondents for non-PDAM consumers were willing to pay for PDAM service 
as much as Rp. 30,001-60,000 and 3.125% respondents were on range of Rp. 60,001-90,000 and Rp. 90,001-
120,000 respectively (see Table. 2.). Willingness to pay in this case was calculated by using Contingent Valuation 
Methods by the means of bargaining process. The respondents (32 respondents) were households which did not have 
access to public water supply. 
 Table. 2. Willingness to Pay of non-PDAM Consumers for PDAM Service 
Range of Willingness to Pay for PDAM Service (Rp.) Frequency Percentage (%) 
0 28 87.5 
1 – 30,000 0 0 
30,001 – 60,000 2 6.25 
60,001 – 90,000 1 3.125 
90,001 – 120,000 1 3.125 
120,001 – 150,000 0 0 
150,000 – 180,000 0 0 
180,000 – 210,000  0 0 
210,001 – 240,000 0 0 
240,001 – 270,000 0 0 
Total 32 100 
(Source: Sabrina, 2013 [12]) 
The value of WTP of respondents indicated that most of respondents did not consider that connection to public 
water supply was important. When non-PDAM consumers were offered to have a new water connection of PDAM, 
there were only 12.5% respondents that were willing to have it. A very few numbers of this is caused by satisfaction 
of water source used by non-PDAM consumers. Using clean water acquired from non-PDAM service is quite easy. 
Besides, it offers good quality of water, affordable price, and practical. It indicates to the conclusion that households 
would prefer to choose to acquire clean water individually instead of using public system just like PDAM that 
charges more for water price. Nevertheless, it is not arbitrarily decided that extending public water system in this 
area is not feasible in the context of economic aspect. Considering average household income, it is still feasible to 
extend public water service system in peri-urban area. 
3.3 Environmental 
Water sources used for delivering water demand in the-peri urban area of BMA are derived from groundwater 
basin and surface/ground water such as ponds, lakes, and rivers. In addition to three PDAMs that operate the water 
service delivery in BMA (PDAM Tirtawening, PDAM Tirta Raharja, and PDAM Tirta Medal), there is also PT. 
Tirta Gemah Ripah which is established as a local enterprise utilizing raw-water that will be distributed to those 
three PDAMs as mentioned before. Forming this new enterprise is addressed to deliver water supply needs in the 
context of metropolitan area considering integrated water system towards achieving sustainability in urban 
environment. 
As for expanding water service delivery, this enterprise plans to develop two initial projects. First project is 
developing Bandung Selatan regional water service delivery system with amount of total capacity of 700 
liters/second for first stage from Cisangkuy River and it will also utilize water source from Cibatarua, Cilaki River, 
Cisangkuy River, and Santosa Dam with capacity of 700 liters/second. According to the plan, it will supply 
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approximately 66,350 units of water connection with capacity of 825 liters/second in Bandung Regency.  
Second initial project of PT. Tirta Gemah Ripah is utilizing Bandung Barat-Timur regional water service 
delivery system with amount of total capacity of 4,000 liters/second from Saguling Dam that will serve: (1) 12,210 
units of water connection with capacity of 550 liters/second in Sumedang Regency; (2) 50,390 units of water 
connection with capacity of 640 liters/second in Bandung Regency; and (3) 67,100 units of water connection with 
capacity of 800 liters/second in West Bandung Regency.  
Based on The Draft of Presidential Decree regarding Spatial Plan for Bandung Metropolitan Area issued by 
Ministry of Public Works: Directorate General of Spatial Planning [16], it is needed to maintain water resources in 
order to manage water resources which include conserving, utilizing, and controlling water resources. It is done by 
the means of planning water resources utilization. This plan is divided into two systems those are water sources 
system and water resources infrastructure system. Water sources as stated before are acquired from surface/ground 
water (river and dam) and groundwater basin. Groundwater basin availability in the peri-urban area of BMA 
encompasses four groundwater basins those are Bandung-Soreang, Lembang, Batujajar, and Sumedang. Each 
groundwater basin covers several administrative regions. Besides groundwater basins, surface water from Citarum 
River, Saguling Dam, Cimeta Dam, Cikukang Dam, Kadal Eman Dam, and Citarik Dam is one of the main water 
resources for supplying raw water for BMA peri-urban area. Furthermore, as a consequence of ensuring quantity, 
quality, and continuity of water service delivery for communities and commercial activities and improving 
efficiency and water service coverage, Nagarak WTP (water treatment plan) serving Soreang District, Cisarua WTP 
serving Lembang and Cisarua District, Bandung Barat-Timur Regional WTP, and Bandug Selatan Regional WTP 
will be built in a short period of time.  
According to the Spatial Plan for Bandung Metropolitan Area, potential of water resources availability are still 
able to be maintained for fulfilling water demand and reserved as a water resources conservation. It means that from 
environmental aspect, forming a public water system in BMA peri-urban area is feasible to be conducted. Moreover, 
government and PDAM themselves has issued the regional regulation concerning establishment of PT. Tirta Gemah 
Ripah as one of the means to support expansion of public water supply system in the context of metropolitan area 
including peri-urban area.  
4. Conclusion and Recommendation 
The expansion of public water services to peri-urban areas is still faced with a number of constraints. Population 
density in peri-urban area is relatively categorized low therefore it will increase the cost of clean water provision 
from technical-engineering side. Another constraint is the lack of willingness to become consumer of public water 
supply. Besides the constraints, there are also potential in the expansion of the public water supply to the peri-urban 
area. The ability to pay of people who dwell in BMA peri-urban area is fairly well and the availability of water 
resources is still sufficient. 
Expansion of the coverage of public water services has not been possible to do in the short term; however, the 
government needs to prepare an expansion scenario in the future. In such a short period of time, the provision of 
clean water can be done either communally or decentralized in some clusters with medium or high density. 
Communal water supply should be accompanied by proper tariff system which allows for conservation. On the other 
side, uncontrolled water use has to be controlled and enforcing taxation system is one of the ways. 
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